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Our aim in this study is to compare the standard culture method with the multiplex PCR
and the Speed-Oligo® Bacterial Meningitis Test (SO-BMT) – a hybridization-based molecular
test method – during the CSF examination of the patients with the pre-diagnosis of acute
bacterial meningitis. For the purposes of this study, patients with acute bacterial meningitis
treated at the Dicle University Medical Faculty Hospital, Infectious Diseases and Clinical
Microbiology Clinic between December 2009 and April 2012 were retrospectively evaluated.
The  diagnosis of bacterial meningitis was made based on the clinical ﬁndings, laboratory
test  anomalies, CSF analysis results, and the radiological images. Growth was observed in
the CSF cultures of 10 out of the 57 patients included in the study (17.5%) and Streptococcus
pneumoniae was isolated in all of them. The CSF samples of 34 patients (59.6%) were positive
according to the SO-BMT and S. pneumoniae was detected in 33 of the samples (97.05%), while
Neisseria meningitidis was found in 1 sample (2.95%). In a total of 10 patients, S. pneumoniae
was  both isolated in the CSF culture and detected in the SO-BMT. The culture and the SO-BMT
were negative in 23 of the CSF samples. There was no sample in which the CSF culture was
positive although the SO-BMT was negative. While SO-BMT seems to be a more efﬁcient
method than bacterial culturing to determine the pathogens that most commonly cause
bacterial meningitis in adults, further studies conducted on larger populations are needed
in  order to assess its efﬁciency and uses.©  2016 Sociedade Brasileira de Microbiologia. Published by Elsevier Editora Ltda. This is
s arti
diminished due to the development of polysaccharide andan  open accesPlease cite this article in press as: Bas¸pınar EÖ, et al. Comparison of cultu
Microbiol. (2016), http://dx.doi.org/10.1016/j.bjm.2016.06.014
ntroduction
acterial meningitis is a serious infectious disease that can
e fatal in children and in adults. Although its incidence has
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conjugate vaccines in recent years, 1.2 million cases of bac-
terial meningitis is estimated to occur annually worldwide.1
The incidence and mortality rates of bacterial meningitis vary
lsevier Editora Ltda. This is an open access article under the CC
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according to the geographical region, the type of pathogen
and the age groups.2 Since permanent neurological sequelae
are observed in almost half of the survivors, a rapid diagno-
sis and treatment is crucial.3 Excluding the neonatal period,
Streptococcus pneumoniae, Neisseria meningitis and Haemophilus
inﬂuenzae are the most frequently observed agents causing
bacterial meningitis.4
The clinical symptoms observed in patients with bacte-
rial meningitis are fever, headache, meningismus, cerebral
dysfunction (altered consciousness ranging from confusion
to delirium, lethargy and coma). Only two thirds of the
adult patients with acute bacterial meningitis present the
triad: involving fever, nuchal rigidity and altered mental
state; however, at least one of these symptoms is observed
in all the patients.5 These classical symptoms may not
be observed in neonates, the elderly and in patients with
neutropenia. In these individuals, the altered mental state
should not be attributed to other causes until meningitis
is excluded through the analysis of the cerebrospinal ﬂuid
(CSF).6
The diagnosis of bacterial meningitis is based on the blood
and CSF cultures and the microscopic and chemical analy-
ses of the CSF samples. Empirical antibiotic treatment is to
be initiated immediately based on the clinical ﬁndings. For an
effective therapy of bacterial meningitis, the microorganisms
and their antibiotic susceptibility patterns should be rapidly
identiﬁed.7
While the CSF culture is the gold standard in the diagnosis
of bacterial meningitis, the low bacterial growth rates partic-
ularly in the patients who have received antibiotic treatment
before the lumbar puncture (LP) necessitated the development
of new test methods.8 Nucleic acid ampliﬁcation tests such
as the PCR can detect small amounts of pathogen DNA inde-
pendently from the growth of the microorganism causing the
disease.9
In this study our aim was to compare the standard cul-
ture method with the Speed-Oligo® Bacterial Meningitis Test
(SO-BMT) which is a PCR-based molecular test during the CSF
examination of the patients with the pre-diagnosis of acute
bacterial meningitis (ABM) and to describe the optimum strat-
egy to identify the bacterial pathogen.
Materials  and  methods
University of Dicle School of Medicine is the largest tertiary
referral hospital in South Eastern region of Turkey with 1400
inpatient bed capacity. In this study we have retrospectively
analyzed the adult patients with acute bacterial meningitis
treated at University of Dicle School of Medicine, Infectious
Diseases and Clinical Microbiology Clinic in Diyarbakır, Turkey,
between December 2009 and April 2012.
The diagnosis of bacterial meningitis was made based
on the clinical ﬁndings, laboratory test abnormalities, CSF
analysis results and the radiological images. Patients with
clinical and laboratory ﬁndings supporting meningitis andPlease cite this article in press as: Bas¸pınar EÖ, et al. Comparison of cultu
Microbiol. (2016), http://dx.doi.org/10.1016/j.bjm.2016.06.014
with speciﬁc pathogen growth in the CSF cultures were
diagnosed with acute bacterial meningitis. Patients with
negative CSF cultures, but with clinical symptoms consis-
tent with bacterial meningitis were diagnosed with acute i o l o g y x x x (2 0 1 6) xxx–xxx
bacterial meningitis if the microscopic examination results
of the CSF were as follows: >20 leukocytes/mm3, neutrophil
predominance, CSF protein concentration >45 mg/dL; simul-
taneous CSF glucose/blood glucose ratio <50–75%. Clinical
symptoms of bacterial meningitis were fever, headache,
nausea, vomiting, nuchal rigidity, Kernig and Brudzinski
signs, convulsions, rash, and regional neurological symp-
toms. Exclusion criteria included age <16, malformations of
the central nervous system; and viral, fungal or tuberculosis
meningitis.
Before practicing the lumbar punctures (LP), the patients
have undergone fundus examinations or cranial CT imaging
when indicated in order to detect any counter indications
for LP. Lumbar punctures were carried out by experienced
clinicians under aseptic conditions and CSF samples were
collected in 3 sterile tubes (0.5–1 mL). The ﬁrst sample
was used for the biochemical analysis, the second was
used in the microscopic examination and culture inocula-
tion, and the third sample was stored at −20 ◦C for the
SO-BMT.
The CSF samples were centrifuged at 4000 rpm for 5 min
and were inoculated to 5% sheep blood agar, EMB  agar and
chocolate agar. Samples inoculated to the media were stored
in the incubator (WTB Binder, Germany) at 37 ◦C for 24 and
48 h. At the end of the incubation period, the plates were
assessed through the conventional method. Identiﬁcation and
antibiotic susceptibility of the plates on which growth was
observed was carried out using the PHOENIX 100 (Becton Dick-
inson, USA) device. The antibiotic susceptibility of the samples
with growth was also veriﬁed with Disc Diffusion Tests (Oxoid,
UK).
After the CSF samples were centrifuged at 3000 rpm for
10 min, the DNA extraction was performed in line with the
manufacturer’s instructions using the QIAamp DNA mini kit
(Qiagen, USA). The extracted samples we obtained were ampli-
ﬁed using the Speed-Oligo® Bacterial Meningitis kit (Vircell
Microbiologists, Spain).10 In this kit, the regions speciﬁc to
the lytA, bexA, and ctrA genes were selected for the detec-
tion of S. pneumoniae, H. inﬂuenzae,  and Neisseria meningitidis,
respectively. The separate strips containing the complemen-
tary probes for the target genes were placed on a single test
strip to detect these three types of bacteria. Through this kit
we used, serial dilutions of the puriﬁed DNAs of S. pneumo-
niae, N. meningitidis serogroup A, N. meningitidis serogroup B, N.
meningitidis serogroup C, and H. inﬂuenzae were performed on
the negative samples and up to 50 fragments of the DNA could
be detected at each reaction of the kit. The test procedures and
the evaluation of the results were performed according to the
manufacturer’s recommendations.
Statistical  analysis
The statistical analyses were carried out using the SPSS forre and PCR methods in the diagnosis of bacterial meningitis. Braz J
The comparison the sensitivity of the pathogens identiﬁed
through the CSF culture and the molecular method was per-
formed using Fisher’s exact test. Variables with a p-value < 0.05
were considered as signiﬁcant.
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Table 1 – Demographic characteristics of the 57 ABMa
patients.
Age (mean ± SD) 32.92 ± 16.1
Gender
Male 28 (49.1%)
Female 29 (50.9%)
Antibiotic treatment before hospitalization
Yes 24 (42.1%)
No 33 (57.9%)
Symptoms and signs
Fever 46 (80.7%)
Consciousness
Awake 12 (21.1%)
Confused 25 (43.8%)
Coma 20 (35.1%)
Nuchal rigidity 57 (100%)
Kernig 15 (26.3%)
Brudzinski 21 (36.8%)
Petechial rash 1 (1.8%)
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Table 3 – Comparison of the CSF culture and the SO-BMT
results.
CSF culture (n = 57) Total
+ −
SO-BMT + 10 (17.5%) 24 (42.1%) 34 (59.6%)
− 0 (0%) 23 (40.4%) 23 (40.4%)
Total 10 (17.5%) 47 (82.5%) 57
p = 0.004.
®a ABM, acute bacterial meningitis.
esults
ifty-seven patients who were diagnosed and treated for acute
acterial meningitis between December 2009 and April 2012
ere included in the study. The demographic characteristics
f the patients are shown in Table 1. Among the patients, 29
50.9%) were female while 28 (49.1%) were male. The mean age
f the patients was 32.92 ± 16.1 years (range: 16–79 years).
The laboratory results of the patients are presented in
able 2. The growth was observed in the CSF cultures of 10Please cite this article in press as: Bas¸pınar EÖ, et al. Comparison of cultu
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atients (17.5%) and S. pneumoniae was isolated in all of them.
he CSF samples of 34 patients (59.6%) were positive accord-
ng to the SO-BMT and S. pneumoniae was detected in 33 of the
Table 2 – Laboratory results of the patients.
Characteristics All the patients (n = 57)
Blood
Peripheral white blood cells
<10.000/mm−3 15 (26.4%)
>10.000/mm3 42 (73.6%)
Serum C-reactive protein (mg/dL)
0–8 7 (12.3%)
>8 50 (87.7%)
Erythrocyte sedimentation rate (mm/h)
0–15 11 (19.3%)
>15 46 (80.7%)
CSF
WBC count (mm3)
0–100 2 (3.5%)
101–500 8 (14.1%)
501–1000 6 (10.5%)
>1000 41 (71.9%)
Glucose ratio (CSF/blood)
<2/3 57 (100%)
Protein (mg/dL)
>45 57 (100%)
CSF culture positivity 10 (17.5%)
CSF, cerebrospinal ﬂuid; WBC, white blood cells.CSF, cerebrospinal ﬂuid; SO-BMT, Speed-Oligo Bacterial Meningitis
Test.
samples (97.05%), while N. meningitidis was found in 1 sample
(2.95%). S. pneumoniae was isolated in the blood culture of 4
patients (7%).
A total of 10 patients, S. pneumoniae was both isolated in
the CSF culture and detected in the SO-BMT. In 24 out of
the 34 patients with positive SO-BMT results (70.5%), the cul-
ture was negative. Among the 24 SO-BMT positive samples,
23 (95.8%) were positive for S. pneumonia while the remaining
1 (4.2%) was positive for N. meningitidis. The culture and the
SO-BMT were negative in 23 of the CSF samples. There was
no sample in which the CSF culture was positive although the
SO-BMT was negative (Table 3). SO-BMT was observed to be a
more  efﬁcient method than the CSF culture to determine the
pathogens. Consequently, the agent was detected with the SO-
BMT  method in 59.6% of all the samples, while this ratio was
17.5% with the bacterial culture.
Discussion
The identiﬁcation of the pathogen causing the bacterial
meningitis in the CSF and the early initiation of the appropri-
ate treatment is the most critical stage in the management of
the disease. Even short delays in the diagnosis and treatment
increase the rate of sequelae and mortality.11 The CSF culture
is the gold standard for the diagnosis of bacterial meningitis.
The diminished sensitivity of the CSF culture in the patients
who received antibiotics before the LP and the 72-h test period
hinder clinicians from reaching a prompt diagnosis and start-
ing the treatment in the ideal period.12
The latex agglutination test is a rapid diagnostic method
that may detect the bacterial meningitis agents in less than
15 min. This test is recommended to be used in patients under
the suspicion of bacterial meningitis in which no bacteria
are observed in the gram staining of the CSF and no growth
occurs in the CSF culture.13 Studies have shown that the latex
agglutination test has a very low sensitivity especially in the
patients who have received antibiotic treatment before the
lumbar puncture, which limits the use of his method.14,15
Delays in the diagnosis and treatment can be avoided
through the routine use of PCR-based molecular methods in
the patients under the suspicion of bacterial meningitis. This
method, which is highly sensitive and speciﬁc, can also indi-
cate the microorganisms in the CSF in patients who  havere and PCR methods in the diagnosis of bacterial meningitis. Braz J
used antibiotics before the LP.5 Various nucleic acid ampli-
ﬁcation tests are currently in use to identify the bacterial
meningitis agents. Through frequently employed methods
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quantitative PCR (RT-PCR) and multiplex PCR-based reverse4  b r a z i l i a n j o u r n a l o f m i
such as the real-time PCR or multiplex PCR, microorganisms
in the CSF can be detected with high sensitivity and speci-
ﬁcity. However, these methods are not preferred except in
referral centers in developing countries since they require
high cost equipment.16 The SO-BMT can be considered as
less costly compared to other molecular testing methods as it
analyzes the most common bacterial meningitis agents Strep-
tococcus pneumonia,  N. meningitidis and H. inﬂuenzae. Also, the
ampliﬁcation step in SO-BMT takes between 15 and 75 min
due to the thermocycler and the dipstick test takes only
5–10 min.
Since the SO-BMT kit is manufactured to test the three
bacteria most frequently associated with bacterial meningi-
tis in adults, unlike the previous studies where this test was
used, we  have only included adult patients to our study. The
most commonly observed pathogen in our study was S. pneu-
moniae (97.05%), followed by N. meningitidis (2.95%). We could
not isolate H. inﬂuenzae.  Similarly to our study, S. pneumoniae
is the most frequently isolated agent in the CSF cultures of
the patient series reported from our hospital, also followed
by N. meningitidis. H. inﬂuenzae could not be isolated.12,17 This
result may be associated with our exclusion of the pediatric
patients and the high natural immunity to H. inﬂuenzae in the
adult age group in Turkey.18 Among the studies in the litera-
ture investigating the efﬁciency of the SO-BMT, Saglam et al.,19
have detected S. pneumoniae and H. inﬂuenzae as the agents
using the SO-BMT method. In this study, H. inﬂuenzae was the
second most common agent, which may be explained with the
inclusion of the pediatric patients. On the other hand, Gultepe
et al.,20 have observed S. pneumoniae followed by N. meningitidis
as the most common agents, which was also in line with our
study.
In this study, two  out of the 10 patients with growth in
the CSF culture (20%) and 15 out of the 34 patients with
positive SO-BMT results (44.1%) had a history of antibiotic
treatment before the LP. These results show that SO-BMT is
much more  sensitive than the culture method in the patients
who  have received antibiotics before the collection of the CSF
sample.
Our study had certain limitations. First of all, since it is a
retrospective design, we  were not able to form a non-infectious
control group. On the other hand, we  did not include all the
patients with the pre-diagnosis of bacterial meningitis and
tried to minimize bias by selecting patients according to strict
criteria based on clinical and laboratory results. Secondly, we
have compared the SO-BMT method with the culture method
which is considered as the gold standard in the diagnosis of
bacterial meningitis. However, we  did not include methods
such as real-time PCR or multiplex PCR known to have high
sensitivity and speciﬁcity in the diagnosis of bacterial menin-
gitis. Since our study did not have a prospective design, we did
not have the chance to include such high-cost tests into our
comparison.
In conclusion, considering that 42.1% of the patients in our
study had received antibiotics before the diagnostic tests, we
can conclude that SO-BMT is a superior method than culturingPlease cite this article in press as: Bas¸pınar EÖ, et al. Comparison of cultu
Microbiol. (2016), http://dx.doi.org/10.1016/j.bjm.2016.06.014
to determine the pathogens most frequently causing bacte-
rial meningitis in adults. Further studies conducted on larger
populations are needed in order to assess its efﬁciency and i o l o g y x x x (2 0 1 6) xxx–xxx
use of SO-BMT in the diagnosis and treatment of bacterial
meningitis in adults.
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